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 It has been commonly hypothesized (and widely believed) that maternal stress 
either prior to or during pregnancy can adversely affect fertility and pregnancy outcomes. 
However, surprisingly few epidemiologic studies have rigorously tested these 
hypotheses. The current study evaluated the effects of pre-conception self-reported stress 
on fecundability and spontaneous abortion. The study population was derived from the 
Mount Sinai Study of Woman Office Workers with 487 women included. Women 
recorded stress (scale from 1 to 4) and covariate information in a daily diary for 12 cycles 
or until pregnant. Results indicated a significantly increased risk of spontaneous abortion 
for women with higher levels of self-reported stress during the cycle of conception, and 
reduced fecundability when high stress occurred during the ovulatory window. This study 
reinforces the need for ameliorating stress in the aspiring and expecting mother. Future 
studies may examine effects of stress-related biomarkers and genetic polymorphisms on 
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Biological background of stress during pregnancy 
 In simple terms, stress can be defined as any mental, psychological, or 
physiological response to an event that increases mental tension (Catherino 2011). 
However from a biological stance, stress is considered a rise in the secretion of hormones 
due to the stimulation of the neuroendocrine hypothalamo-pituitary-adrenal (HPA) axis 
(Parker et al. 2010). In response to stressful situations, the corticotropin-releasing hormone 
(CRH) from the hypothalamus stimulates adrenocorticotropic hormone (ACTH) from the 
pituitary gland, which then stimulates the adrenal cortex to release specific amounts of 
glucocorticoids (e.g. cortisol) (Pruessner et al. 1997, Gatti et al. 2009). During pregnancy 
the new environment is characterized through the major maternal tissues and increased 
HPA axis function, but if glucocorticoids continue to be secreted in high concentrations, it 
can be detrimental to the developing endometrium (Nakamura et al. 2008). 
Along with the HPA axis, a stress response can be triggered by the hypothalamo-
pituitary-gonadal (HPG) axis. All major endocrine systems function together to regulate 
the immune system and create a protective environment necessary for proper 
establishment and regulation of pregnancy (Parker et al. 2010). Therefore the mother‟s 
response to changes in hormonal stress plays a pivotal role in the overall maintenance of 
a tolerogenic immune environment. But there still exists a great deal of controversy 
regarding the etiology underlying a stress trigger and risk of spontaneous abortion. 
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Biological mechanisms behind stress-activated reproductive failure 
One theory of stress-activated reproductive failure scrutinizes the suitable equilibrium 
between the neuroendocrine and immune systems. Pro-inflammatory cytokines are 
released from immune cells in response to tissue injury or infection and can cause 
systemic inflammation. After activating the sympathetic nervous system, cytokines 
activate the HPA axis while temporarily suppressing the HPG axis(Goodman 2008). This 
can create a hypoinflammatory response that will only increase if the stressor is 
prolonged.  
In normal cases of stress, glucocorticoids bind to NFkappaB (cytokine) 
preventing it from entering the nucleus and activating target genes. This will increase 
immune function back to normal; however, excessive stress, i.e. chronic stress, disrupts 
the positive feedback loop of pro-inflammatory cytokines. Chronic stress occurs for an 
elongated period of time and can be physiologically debilitating (Baum et al. 1999). 
Cortisol decreases pro -inflammatory cytokines, 
which play a role in increasing the number of B-
cell and T-cells in cell-mediated immunity (Fig.1*) 
and cortisol acts directly on B cells to decrease 
antibody proliferation and induce cell apoptosis. 
Therefore, chronic stress will overshoot the decrease in immune function leading to 
immune suppression, as shown in Fig.2. 
 
                     
*Goodman, M. H. (2008). Basic Medical Endocrinology, Academic Press. 
Cortisol inhibits proliferation of activated T cells by 
interfering with secretion of cytokines. IL-1 = inter-
leukin-1; IL-2 = interleukin II; IFN- = interferon-. 
 
Figure 1: Cortisol effects on cell-mediated 
immunity1 
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A. Moderate increase in immune function B. Immune 
function decreased back to baseline C. Prolonged stress 
overshoots decreaseleading to immune suppression 
 
 The process of implantation is a form of 
uterine inflammation and intracellular cytokines 
such as uterine NFkappaB are critical during 
implantation (Nakamura et al. 2004). However, 
if glucocorticoids are working to suppress 
NFkappaB and the local inflammation, then they 
are indirectly compromising the process of 
implantation (Parker et al. 2010). Moreover, the 
timing of glucocorticoid release and location of its release are of critical importance in 
the maintenance of pregnancy. During the luteal phase, progesterone levels elevate in 
order to prepare the endometrium for embryonic development (Wang et al. 2004). Yet if 
high levels of glucocorticoids are circulating in the endometrium, it can delay the onset of 
ovulation, thereby shortening the luteal phase (Nakamura et al. 2008) and progesterone 
availability necessary for successful implantation (Magiakou et al. 1997, Arck et al. 
2008). By interrupting the luteal phase, elevated levels of circulating glucocorticoids may 
be preventing proper implantation (Nepomnaschy et al. 2004). 
 
Biomarkers of stress 
Biomarkers are biological measurements from bodily fluids such as blood or urine 
that are indicative of biological or pathogenic processes. Numerous biomarkers of stress 
in association with fertility have been ascertained including CRH concentrations (Arck et 
al. 2008), salivary α-amylase (Nierop et al. 2006, Louis et al. 2011), and cortisol 
(Nepomnaschy et al. 2006, Salacz et al. 2012).  
Figure 2: Immune function across variation 
of stress1 
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Salivary α-amylase is the principal protein released in response to sympathetic 
nervous system activation after a stress trigger that increases the amount of 
glucocorticoids in the blood (Louis et al. 2011). Many studies have found promising 
results using salivary α-amylase, but timing of sample collection must be considered due 
to the variation of stress levels during circadian rhythms (Louis et al. 2011). 
 Cortisol is a glucocorticoid released from the adrenal cortex in response to a stress 
trigger from the ACTH. Cortisol‟s primary functions include regulating blood pressure 
and blood sugar levels, and suppressing the immune system. Elevated levels of cortisol in 
the system for a prolonged period reduces antibody production and kills vital immune 
cells, thereby making the body more susceptible to infections (Torpy et al. 1996, 
Nepomnaschy et al. 2006). In addition, cortisol suppresses secretion of estrogen, 
testosterone, and luteinizing hormone thereby potentially interrupting fertility 
(Nepomnaschy et al. 2006, Nakamura et al. 2008).   
 
Perception of Stress 
Personality tests are the most popular approach for measuring relationships 
between stress responses and pregnancy outcomes. Some examples include Personality 
Stress Questionnaire (Arck et al. 2008), Perceived Stress Scale (PSS), and the Prenatal 
Social Environment Inventory (PSEI) (Nelson et al. 2003), but the State-Trait Anxiety 
Inventory (STAI) (Takai et al. 2004, Lynch et al. 2012) is most commonly used. 
Psychological measures are considered more subjective than the previously mentioned 
physiological measures and have recently become more common with many studies 
finding significant associations with pregnancy outcome (Nelson et al. 2003, Arck et al. 
2008).  
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Increasing attention has been given to correlation between self-reported 
psychosocial stress and measured biomarkers. Perceived chronic stress has been shown to 
be associated with higher salivary cortisol levels upon awakening in some studies (Schulz 
et al. 1998, Wust et al. 2000). Yet in a study by Takai et al. (2004), when biomarkers 
were tested with reported stress measures (STAI), there was a significant correlation with 
α-amylase (r=0.535, p-value <0.01) but not with cortisol (r=0.220, p-value >0.05). This 
finding was consistent with others that examined the same relationship (Bosch et al. 
1996, Skosnik et al. 2000, Nelson et al. 2003). On the other hand,  a prospective study by 
Lynch et al. (2012) followed 339 women for six cycles to examine the correlation 
between scores on two types of psychosocial questionnaires (STAI and PSS) and 
concurrently measured levels of salivary α-amylase and cortisol and found no correlation 
with either test. Nevertheless, this could have been partly due to timing of data collection 
during the follicular phase of the cycle and their short time period of six cycles. Due to 
these contradictory findings, it is difficult to determine which method of stress 
measurement, psychosocial tests or biomarkers, is best in terms of accuracy.  
 
Epidemiologicalstudies of stress and fecundability 
The belief that maternal stress prior to or during pregnancy can have adverse 
effects on fertility and pregnancy outcomes has received much attention in recent years 
partly due to the rising number of infertility cases. However, the few epidemiologic 
studies that have rigorously tested these hypotheses are highly contradictory with several 
agreeing that high stress significantly reduces fertility (Hjollund et al. 1999, Maconochie 
et al. 2007, Nakamura et al. 2008, Louis et al. 2011) while other studies have found no 
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associations (Anderheim et al. 2005, Lynch et al. 2012).   
Stress has been suspected to affect reproductive failure through anovulation 
(Bonen 1994), implantation failure (Symonds et al. 2007), and dysregulation of the 
placenta (Malassine et al. 2002, Nakamura et al. 2008). The idea that stress decreases 
fertility can be largely attributed to studies reporting natural conception by infertile 
couples soon after the adoption of a child (Rock et al. 1965, Weir et al. 1966, Mai 
1971)and, more recently, increased probability of pregnancy among in vitro fertilization 
(IVF) patients undergoing stress reduction interventions (Domar et al. 2000, Klonoff-
Cohen et al. 2001, de Liz et al. 2005). Domar et al. (2000) found a higher pregnancy rate 
among women undergoing cognitive-behavioral therapy  (P-value 0.001) or standard 
support groups (P-value .0146) compared to the control group and more recently 
demonstrated that mind-body interventions resulted in increased pregnancy rates among 
couples undergoing IVF (Domar et al. 2011). These studies imply that stress reduction 
behavioral therapies can reduce the impact of stress on conception for infertile couples 
thereby highlighting stress as a risk factor. 
 
Prospective studies of stress and fecundability 
Despite literature demonstrating a relationship between stress and fertility only 
two prospective epidemiologic studies have rigorously investigated the hypothesis behind 
stress and fecundability, the LIFE study (Lynch et al. 2012, Lynch et al. 2014) and the 
Oxford Conception Study (Louis et al. 2011). Buck-Louis et al. (2011) found that a 
higher salivary concentration of α-amylase was associated with significantly reduced 
probability of conception among 274 women attempting pregnancy. Women were asked 
to collect saliva samples on day 6 of each cycle, use fertility monitors to determine the 
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day of ovulation, and to test for pregnancy on the days after missed menses. Along with 
assessing fecundity by time to pregnancy analysis, they also evaluated probability of 
pregnancy during the fertile window using estimates from Bayesian modeling techniques. 
The fertile window was defined as originating five days before estimated day of 
ovulation through the day after ovulation (Louis et al. 2011). Results indicated no 
association with salivary cortisol but there was a negative association between salivary α-
amylase concentrations and fecundity (fecundity odds ratio (FOR) 0.85; 95% CI 0.67, 
1.09) after adjustment for associated covariates with the highest day-specific conception 
probability on the day before ovulation followed by day 1 after ovulation. When a 
correlation test was conducted between salivary amylase and salivary cortisol, there was 
no significant association and this was consistent with previous findings (Nater et al. 
2005). 
Although Lynch et al. (2012) found no association between psychosocial 
measures of stress and fecundity, a recent study extending their previous work examined 
the association between salivary biomarkers of stress and infertility(Lynch et al. 2014). 
Approximately 401 women were followed for 12 months or until pregnancy occurred. 
They collected first-morning saliva samples at two different time points: the morning 
after enrollment and the morning of their first menses in the study. Daily diaries were 
used to collect covariate information including menstrual cycle characteristics, 
intercourse frequency, smoking, caffeinated and alcoholic beverage consumption, and use 
of contraception. Results indicate lower fecundity for women with the highest tertile of α-
amylase (FOR 0.71; 95% CI 0.51-1.00), adjusting for maternal age, difference in age 
between male and female, income of female, race of female, smoking, caffeine, and 
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alcohol consumption (Lynch et al. 2014). This decreased fecundity translates into a 2-fold 
increased risk of infertility among these women [relative risk (RR) 2.07; 95% CI 1.04-
4.11). Consistent with past studies, no association was found between salivary cortisol 
and fecundability (Louis et al. 2011). 
One prospective study found a significant association between self-reported 
measures of stress and fecundability. Hjollund et al. (1999) followed 430 couples until 
pregnancy or six cycles of follow-up. Couples were asked to complete a questionnaire for 
stress levels on day 21 of each cycle. If the women discovered the attempt to become 
pregnant was successful or not prior to completing the questionnaire, this could lead to 
bias. Therefore to avoid a false association, couples were instructed to complete the 
questionnaire on a specific day of the cycle, i.e day 21, before they took the pregnancy 
test. Cycles with higher distress scores had a lower probability of pregnancy than cycles 
with lower scores (adjusted OR 0.6; 95% CI 0.4-1.0), with a stronger effect among 
women with longer menstrual cycles (≥35 days, OR 0.1; 95% .01- 0.4). This finding 
suggests that perhaps menstrual cycle length could be a modifier in the causal pathway 
between psychosocial stress and fertility. 
Another important point about the study by Hjollund et al. (1999) is their timing 
of measuring stress during the luteal phase rather than the follicular phase as chosen by 
Lynch et al. (2012). During the follicular phase, the body is preparing for the growth and 
maturation of an ovarian follicle. The luteal phase is the period after the day of ovulation 
and occurrence of pregnancy or 2 weeks before menses begin again and it is during this 
window of time that implantation ensues (Ghanem et al. 2009, Razieh et al. 2009). The 
day of ovulation is when the mature follicle ruptures and is capable of becoming 
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fertilized if a sperm is successful. But the 
day of ovulation does not necessarily 
belong to any one phase rather it is 
between both the follicular and luteal 
phase, marked by a surge of luteinizing 
hormone (see Fig.3†). Therefore, it could 
be difficult to determine which time 
period is most appropriate for capturing 
stress data. If stress affects the process of ovulation or conception, then stress data from 
the follicular phase would be more relevant; rather if stress affects implantation, then the 
luteal phase is more relevant. This could explain the discrepancy in literature and 
therefore, it would be better to obtain data during both the follicular and luteal phase.  
 
Stress as a Risk Factor for Spontaneous Abortion 
Once proper implantation and conception are achieved, there is still a possibility 
that high stress could interfere in various phases across the pregnancy term. High stress 
perception could be a risk factor for preterm birth, low birth weight, and spontaneous 
abortion (Nakamura et al. 2008). Spontaneous abortion is the most common adverse 
pregnancy outcome, affecting at least 1 out of every 3 pregnant women (Wilcox et al. 
1988, Wainstock et al. 2013). It is defined as the spontaneous loss of a fetus <20 weeks 
of gestation, with majority occurring before 7 weeks of pregnancy(Wainstock et al. 
                     
†Siemens Healthcare Diagnostics (2010).“Hormonal Levels During the Early Follicular Phase of the 
Menstrual Cycle”. USA 
The large spike in luteinizing hormone marks the day of 
ovulation located between the follicular and luteal phase 
Figure 3: The menstrual cycle 
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2013). Although research has shown that most cases of early spontaneous abortions are 
caused by genetic or chromosomal abnormalities (50-60%),much of the etiology behind 
this pregnancy outcome among embryos without chromosomal abnormalities is not well 
established (Stern et al. 1996, Schmidt-Sarosi et al. 1998). Nevertheless, early research 
has shown that common risk factors are smoking, older maternal age (over 33 years), 
nutritional deficiencies, genital herpes, and endometriosis (Cramer et al. 2000, Arck et al. 
2008).  
 
Studies examining self-reported stress and spontaneous abortion 
One prospective study by Hjollund et al. (2000) examined whether self-reported 
daily measures of physical strain increased the risk of pregnancy loss. This is the earliest 
study to date to use daily diaries of self-reported stress to assess stress exposure. Out of 
181 pregnancies there were 51 reported spontaneous abortions, 19 clinically diagnosed 
and 32 subclinical pregnancies detected by hCG analysis. Women who reported a higher 
physical strain than average during the luteal phase at day 6-9 after the estimated day of 
ovulation had a higher risk ratio of spontaneous abortion compared to those with a lower 
physical strain scores (adjusted risk ratio (RR) 2.5; 95% CI 1.3 – 4.6). The earliest 
detectable spontaneous abortion took place after 5 days (26th day of gestation) but the 
effect size was stronger for pregnancies that lasted at least 5 weeks (RR=1.4; 95% CI 0.6-
3.4 and RR = 4.8; 95% CI 2.0-11.4, respectively). It is during this time period the 
placenta develops in structure and function (Malassine et al. 2002) and therefore, 
embryos may be particularly susceptible to maternal changes until the placenta matures.  
In a case-control study of 603 women in the UK, numerous exposures of stress 
were assessed along with various covariates. Results indicated that women who reported 
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feeling happy, relaxed, or in control had a 60% reduction in risk of spontaneous abortion 
compared to women feeling anxious, overwhelmed, or depressed (OR 0.41; 95% CI 0.34–
0.49 and OR 2.47; 95% CI 2.02–3.02, respectively) (Maconochie et al. 2007). An 
increasing trend in odds of miscarriage with increasing number of stressful or traumatic 
events was observed. Among the significant covariates included in the adjusted model 
were maternal age, low body mass index (BMI), feeling stressed, alcohol consumption, 
assisted conception, and previous miscarriage. Moreover paternal age (≥45 years) had a 
significant association with spontaneous abortion (OR=1.63; 95% CI 1.08–2.47).  
 
Studies examining biomarkers of stress and spontaneous abortion 
In a cohort of 864 women, one prospective study evaluated possible risk factors 
for spontaneous abortions through ascertainment of serum samples for progesterone and 
CRH concentrations as well as using psychosocial questionnaires to measure external 
sources of stress(Arck et al. 2008).  Across all pregnancies, high levels of self-reported 
stress were not significantly associated with spontaneous abortions. However for women 
who had a spontaneous abortion, there was a significantly higher perception of stress (as 
reported by questionnaires) in comparison to women with normal pregnancies (median 
40.0 versus 33.3, respectively, P-value 0.024) in the early gestational group (4-7 weeks, 
N=232)(Arck et al. 2008). This finding was further substantiated by a significant increase 
in serum CRH concentration in women who had a spontaneous abortion compared to 
women with a progressively normal pregnancy (Arck et al. 2008). In addition, a 
significant association was found between low progesterone levels (≤12 ng/ml) and an 
increased risk of spontaneous abortion in the early gestational group (OR 0.51; 95% CI 
0.28 – 0.91), and after adjusting for BMI and maternal age the risk was greatly elevated 
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(OR 7.1; 95% CI 2.8 – 17.9) (Arck et al. 2008). High concentrations of CRH and 
glucocorticoids can have an adverse affect on vital progesterone concentrations and on 
the fragile uterine environment required for a successful implantation (Magiakou et al. 
1997, Nakamura et al. 2008). 
Another prospective study by Nepomnaschy et al. (2006) examined maternal 
stress via urinary cortisol levels 3 weeks post conception and its association with 
miscarriages. Sixty-one women were instructed to collect first morning urine samples 
every other day for a total of three collections a week during the luteal phase of the 
menstrual cycle. To account for variation within and between individuals, cortisol 
samples were standardized with respect to the woman‟s baseline cortisol level. If the 
standardized cortisol level in the first 3 weeks post conception were equal to the woman‟s 
baseline level, pregnancies were classified as exposed to „normal cortisol‟. On the other 
hand, if standardized cortisol levels 3 weeks post conception were higher than the 
woman‟s baseline cortisol levels, pregnancies were classified as exposed to „high 
cortisol‟. Results indicate that women with increased cortisol levels during the 
implantation were 2.7 times (95% CI 1.2 – 6.2) more likely to have spontaneous 
abortions than those with normal cortisol levels.   
A cohort study in Germany found a significant association between exposure to 
life-threatening rocket alarms and spontaneous abortions with an odds ratio of 1.59 (95% 
CI 1.2-2.2) (Wainstock et al. 2013). Pregnant women who were exposed to these rocket 
alarms had a higher rate of spontaneous abortions than those who were unexposed (6.9% 
vs. 4.7%; OR=1.29, 95% CI 1.17-2.2). These studies examined different exposures of 




Covariates of interest for fecundability 
 The pathway to successful conception may be affected by a variety of factors. 
Unquestionably, pregnancy intention and intercourse frequency increases fertility (Louis 
et al. 2011, Taylor et al. 2011, Lynch et al. 2014). However, risk factors that have shown 
to decrease fecundability include higher maternal age, higher BMI, race, and alcohol 
consumption (Jensen et al. 1998, Hjollund et al. 1999, Lynch et al. 2014).Taylor et al. 
(2011) found a dose-response effect with a 30% reduction in fecundability for those who 
intake <1 drink per day and a 50% reduction for those who took ≥1 drinks per day (FOR 
= 0.50; 95% CI 0.28–0.89) (Taylor et al. 2011). 
For a couple of behavioral factors, i.e. smoking and caffeine consumption, there 
still remains a decent amount of controversy on the risk of infertility. Jensen et al. (1998) 
found reduced fecundability for women who smoked and were exposed to smoking in 
utero compared to unexposed nonsmokers (FOR= 0.53; 95% CI 0.31-0.91). On the other 
hand, Buck Louis et al. (2011) found no association between smoking and fecundability. 
Taylor et al. (2011) did not find any significant association with regards to caffeine 
consumption; however smoking reduced fecundability but only for slow 
acetylators(Taylor et al. 2011).The effect of smoking on fecundability may depend on the 
mother‟s ability to metabolize cigarette smoke, due to genetic polymorphisms in enzymes 
such as NAT2 (Taylor et al. 2011); this could explain the mixed results of smoking and 
fecundability across studies.  Reports on the effects of particular behavioral covariates 
and fecundability vary by study, and the individual effect estimates are likely affected by 
unmeasured confounders and effect modifiers. 
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Covariates of interest for spontaneous abortion 
There exist a number of well-established risk factors that increase spontaneous 
abortion including recurrent miscarriage, low BMI, and infertility (Stern et al. 1996, 
Cramer et al. 2000, Hjollund et al. 2000, Sugiura-Ogasawara et al. 2002, Maconochie et 
al. 2007, Arck et al. 2008). Among social and behavioral factors, alcohol consumption, 
smoking, and caffeine intake (Rasch 2003, Nakamura et al. 2008)may have some 
association with risk of spontaneous abortion, but the interaction among these risk factors 
still remains very complex and controversial.  
Maternal age is a complex factor, and the distribution may be bimodal, with 
higher risk of SA occurring for both younger (Rasch 2003) and older mothers 
(Maconochie et al. 2007, Arck et al. 2008). Arck et al. (2008) found the risk of 
spontaneous abortion to increase for those women with lower progesterone levels and 
higher age (OR=7.13; 95% CI 1.96-25.93), and the risk increased two-fold after adjusting 
for BMI (OR=14.15; 95% CI 2.81-71.21). This finding was consistent with earlier studies 
(Maconochie et al. 2007, Arck et al. 2008) while others found an association in the 
opposite direction with younger women having a higher risk of spontaneous abortion 
(OR=3.53; 95% CI 1.34-9.29) (Rasch 2003). 
 
Conclusion 
 It has been commonly hypothesized (and widely believed) that maternal stress 
either prior to or during pregnancy can adversely affect fertility and pregnancy outcomes. 
There exist some studies supporting an association between either self-reported stress or 
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biomarkers of stress and poor fertility outcomes, while others refute such an association. 
However, surprisingly few epidemiologic studies have rigorously tested these 
hypotheses. More research is clearly needed to quantify the effects of perceived stress on 
fertility and pregnancy outcomes. To address this question, the objective of this study is 
to examine the association between self-reported stress, fecundability, and adverse 
pregnancy outcomes. The specific aims are 1) to determine whether preconception self-
reported stress is associated with fecundability and 2) examine the association between 
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with a lower odds ratio for 
women with cycles ≥35 
days (FOR 0.1; 95% CI 
0.01– 0.4) compared to 
women <35days (FOR 0.9; 












collections on day 






Salivary α-amylase but not 
cortisol amylase negatively 
associated with fecundity 

























No association between 
psychosocial measures and 
fecundity. No correlation 
between psychosocial 
measures and biomarkers of 










collection on the 
morning following 
enrollment and the 
morning following 
their first observed 











Lower fecundity for women 
with the highest tertile of α-
amylase (FOR 0.71; 95% CI 
0.51-1.00). This decreased 
fecundity translates into a 
.2-fold increased risk of 
infertility among these 
women [relative risk (RR) 
2.07; 95% CI 1.04-4.11) 
No association between 








Literature review table 2:  Epidemiological studies examining self-reported stress and 
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during the first 
trimester 
Daily diary scores:  0= no 
strain, 1= light strain, 2= 









Women with higher 
physical strain than 
average at day 6-9 after 
the estimated day of 
ovulation had a higher 
risk of SA compared to 
those with lower 
physical strain (RR 2.5; 










addressing emotional well 





Women who reported 
feeling stressed had a 
higher risk of SA 
compared to those who 
felt happy/relaxed  
(OR=2.47; 95% CI 
2.02–3.02). Risk of SA 
increased with higher 
number of stressful 
events (≥3) (OR=2.36; 







during the first 3 
weeks 
Urinary cortisol collections 
every other day each week 




Women with higher 
levels of cortisol had a 
higher risk of SA (RR 
= 2.7; 95% CI 1.2–6.2) 













Blood samples tested for 










Women with low 
progesterone levels (≤12 
ng/ml) had an increased 
risk of SA (OR 0.51; 
95% CI 0.28 – 0.91); 
increased after adjusting 
for BMI and age (OR 
7.1; 95% CI 2.8 – 17.9) 
 
Wainsto







Pre- conception exposure = 
mean weekly alarms during 
the 6 months before 
conception. Exposure during 
pregnancy = mean weekly 
alarms from conception until 




Women exposed to 
higher mean of weekly 
alarms overall had a 
higher risk of SA than 
those not exposed 









The Mount Sinai Study of Women Office Workers (MSSWOW) was originally 
designed to evaluate the reproductive health of women office workers 40 years of age and 
younger. Through 1990-1994women were enrolled from 14 companies and government 
agencies in New York, New Jersey, and Massachusetts (Marcus et al. 1996, Marcus et al. 
2000). Women who were sexually active while using inconsistent or no oral 
contraceptives in the month before the baseline questionnaire were eligible for the study. 
Women using oral contraceptives or intrauterine device and women diagnosed with 
polycystic ovaries, had a hysterectomy, or currently infertile (attempting to conceive for 
more than 12 months)were not eligible (Marcus et al. 1996, Marcus et al. 2000). After 
completing a baseline questionnaire for demographic information and medical history, 
women were asked to complete daily diaries every day during the cycle. This included 
information about caffeinated and alcoholic beverages, cigarettes, exercise, exposure to 
video display terminals, intercourse, menstruation, birth control, and stress (N=855).  
Early morning urine (first void before breakfast) was collected during the first 2 days of 
each cycle, where day 1 was defined as the first day of menstruation. If pregnancy 
occurred during a cycle, women collected urine samples on the expected day of menses, 
calculated from the average cycle length reported during the intake interview. Women 
were followed until pregnant or until the study end, for an average of 8 menstrual cycles 
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(maximum 20 cycles). Pregnancy outcomes were ascertained at the end of clinical 
pregnancy.  
 
Study eligibility  
For the current study, only women who had completed daily diaries (N=563) were 
included. We excluded from our fecundability analysis 40 women who did not have any 
stress data (resulting in N=523) and 28 additional women who had less than 30 days of 
stress information (resulting in N=495). The final sample size was 405 women after 
excluding 90 participants with missing data for the following important covariates: age, 
BMI, alcohol consumption, pregnancy intention, and intercourse frequency (see Figure 4).  
For evaluating the probability of spontaneous abortion, we limited the population 
to women who became pregnant (N=168 women, 196 pregnancies). From this analysis, 
women with molar pregnancies, ectopic pregnancies, and pregnancies with unknown 
outcomes were excluded. The final sample size was 159 women with 178 total 
pregnancies (159 first pregnancies and 19 subsequent pregnancies). 
 
Exposure assessment  
Participants were asked to complete diaries until pregnant or for 12 cycles of 
follow-up. Daily diaries contained information regarding menstrual characteristics, 
intercourse frequency, contraceptive use, alcohol consumption, caffeine, smoking, and 
stress levels. Women reported stress on a scale with 1 being the lowest and 4 the highest. 
Daily diaries have been used in other studies based on a point score system ranging from 
“no stress” to “high stress” (Hjollund et al. 1999, Wang et al. 2004).  
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To examine stress exposure throughout different phases in a woman’s menstrual 
cycle, three separate methods of classifying stress were created. The first method simply 
uses the woman’s mean stress particular to each cycle. The second method uses the mean 
stress over each cycle’s ovulatory window. The estimated day of ovulation was defined 
as the day 14 days prior to the onset of the next menses. The mean stress over the 
ovulatory period were defined as 18 days before the onset of the next menses until the 
estimated day of ovulation (days -18 to -14; thus creating an ovulatory window 5 days in 
duration). Thus, the estimated period includes the end of the follicular phase and the day 
of ovulation (Goodman 2008). The third method is the mean stress over the implantation 
period, which occurs during the luteal phase. This was ascertained from the estimated day 
of ovulation until 10 days before the onset of the next menses (days -12 to -5). 
 
Covariate assessment 
Upon entry into the study, participants were interviewed for demographic and 
anthropometric characteristics, and reproductive history. Data collected included age, 
body mass index (BMI, kg/m
2
), ethnicity, race, marital status, education, pregnancy 
history, and paternal reproductive characteristics and medical issues. The frequency of 
unprotected intercourse, average weekly number of cigarettes smoked, alcoholic and 
caffeinated beverages, and menstrual cycle characteristics (length and variability) were 
calculated from the daily diaries. Cycle length was defined as the number of days 
between the first day of bleeding until the day prior to the next bleeding.  
 
Fecundability and spontaneous abortions 
Pregnancies were previously assayed for MSSWOW and were defined by human 
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chorionic gonadotropin (hCG) levels greater than 0.25 ng/mL for two consecutive days of 
urine samples. Two laboratories assayed samples for hCG levels including the Core 
Laboratory at the Irving Center for Clinical Research at Columbia University and the 
Center for Clinical Research at Mount Sinai School of Medicine (Small et al. 2006). Split 
sample comparison between both labs allowed for similar results.  
Time to pregnancy (fecundability) was assessed by counting the number of cycles 
up to and including the cycle of pregnancy. Of the 405 women included in our study, 
there were 154 pregnancies. Pregnancy outcomes were categorized as live birth, 
voluntary induced abortion, spontaneous abortion, blighted ovum, ectopic pregnancy, 
therapeutic induced abortion, subclinical abortion, and molar pregnancy. Subclinical 
spontaneous abortion was defined as a cycle with an elevated hCG levels followed by a 
cycle with no elevation of hCG (Small et al. 2006). All clinical pregnancies and clinical 
spontaneous abortions were confirmed by physician diagnosis. 
 
Statistical analysis for fecundability 
Statistical significance testing was conducted through Chi-square tests or Fisher‟s 
exact test to evaluate the distribution of demographic data and covariates across 
categories of study participation and by pregnancy outcomes. The analysis of 
fecundability was evaluated for first pregnancies and a separate analysis was conducted 
that included subsequent pregnancies. Discrete survival analysis was used to determine 
whether self-reported stress levels were associated with fecundability (time to 
pregnancy). This approach is statistically more powerful than dichotomizing reproductive 
success as fertile/infertile (Baird et al. 1986). The discrete time hazard is defined as the 
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probability that a woman became pregnant in a given menstrual cycle conditional on a 
pregnancy not occurring in prior cycles.  The likelihood for a discrete time hazard rate is 
equivalent to that of binary regression models (Scheike et al. 2006). The discrete time 
hazard was included in the model through indicator variables for each cycle a woman was 
at risk for pregnancy.  
 
Evaluation and selection of covariates 
Logistic regression was used to estimate the impact of stress and important 
covariates (adjusted one at a time) on fecundability, and the maximum likelihood 
estimates, standard errors and P-values were reported (Supplemental Tables 1 and 2). A 
set of relevant covariates were chosen through review of literature and a directed acyclic 
graph (DAG)(Figure 5). Two criteria were used to decide whether a covariate should be 
included in the multivariable logistic model. First, according to the method of Hosmer 
and Lemeshow (2000),only those covariates with a P-value greater than 0.2 from the 
bivariate logistic regression were taken forward to the multivariable logistic model 
(Hosmer et al. 2000). Additionally, a covariate was not included if its removal from the 
model did not result in a change in the estimated regression parameter for stress changing 
>10%.  The combination of these methods resulted in a parsimonious model.  
Fecundability odds ratio (FOR), which represents the ratio of the odds of 
conception in one group to the odds of the referent group, with associated 95%confidence 
intervals (CI) and P-values were generated from the multivariable model. Three models 
were generated to assess the association of fecundability, using the three methods of 
categorizing of stress exposure throughout the phases of menstrual cycle (full cycle, 
ovulatory window, and implantation window). 
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Covariate values were obtained from the cycle prior to index cycle. In the models, 
BMI, maternal age, alcoholic consumption (drinks per day) and cigarettes (per day) were 
modeled both continuously and categorically (based on prior literature). Race was 
divided into categories based on prior literature. Intercourse frequency during the 
ovulatory window was calculated from daily diaries and left as a continuous cycle-
specific covariate. Pregnancy intention and ever pregnant were defined as dichotomous 
variables. 
Sensitivity analyses were conducted for participants who had at least 90% stress 
data during a particular cycle to account for any missing stress data and to assess what 
impact including all participants had on the overall analysis. Since over 75% of the study 
population was white, a second sensitivity analysis restricted to only whites with 90% 
stress data was conducted to examine if the main findings were consistent. 
An additional analysis was conducted to assess the impact of each woman‟s 
average stress relative to her average stress during the ovulatory window on 
fecundability. For this analysis, stress was dichotomized into high stress (1) and low 
stress (0). If the individual mean stress over the ovulatory window was greater than the 
average stress during the ovulatory window, then it was defined as high stress (1)and if 
the individual mean stress during the ovulatory window was less than or equal to her 
average stress then it was defined as low stress (0). 
 
Statistical analysis for risk of spontaneous abortion 
Out of 196 pregnancies (168 women) that occurred during the study, only 178 
pregnancies (159 women) were eligible after the exclusion criteria. Among these women, 
there were 40 spontaneous abortions. Statistical significance testing was conducted 
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through Chi-square tests for demographic data of women with live births and women 
with spontaneous abortions. The analysis of spontaneous abortions was evaluated for first 
pregnancies and a separate analysis was conducted for all pregnancies.  
The bivariate analysis was conducted through logistic regression to determine 
which covariates to include in the multivariate model. A set of relevant covariates were 
chosen through review of literature and a directed acyclic graph (DAG)  (Figure 3). As in 
the fecundability analysis, two inclusion criteria were used for covariates. First, the 
Hosmer Lemeshow (2000) method was used to include covariates with a P-value greater 
than 0.2 one by one into the multivariate model(Hosmer et al. 2000). Second, the 
covariate was only kept if its inclusion changed the effect estimate for the main exposure 
(stress) by >10%.  A multivariable logistic regression approach was used to model the 
risk of spontaneous abortion across the three periods of stress exposure. This was done 
for first pregnancies and again for all pregnancies.  
A second analysis was conducted to assess the impact of each woman‟s average 
stress relative to her average stress during the cycle on the risk of spontaneous abortion. 
For this analysis, stress was dichotomized into high stress (1) and low stress (0). If the 
individual mean stress was less than the mean stress during the cycle, then it was defined 
as low stress (0) and if the individual mean stress was greater or equal to the mean stress 
then it was defined as high stress (1). 
 
The Institutional Review Board at Mount Sinai School of Medicine, New York, NY, and 
Emory University, Atlanta, GA, approved the protocols and all participants provided 
informed consent. Additionally, the Institutional Review Board at the University of 
Louisville approved this analysis. 
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No missing data for important 
covariates;  Final sample size 
for fecundability analysis
At least 30 days of stress data
Completed at least one daily 
diary including stress data
Completed at least one daily 
diary
No birth control in the month 























The women in our study were mostly white, non-Hispanic with a normal BMI 
(20-25 kg/m2), above 30 years of age, and married (Table 1). Out of 487 women with 
self-reported stress, only 405 had both stress and relevant covariate data. Chi-square tests 
comparing characteristics of the 405 women with all covariate data vs. the 82 without 
such data demonstrated differences for specific variables including age, race, ethnicity, 
marital status, alcohol consumption, intercourse frequency, and stress (Table 1). With 
regards to behavioral factors, almost half of the women were non-smokers (47%) with a 
mean value of 13 cigarettes/ day among the smokers and alcoholic consumption was <1 
drink per day (75%) with a median of 0.25 drinks per day. The median value of stress 
was 1.93 on a scale from 1 to 4 (1 being the lowest and 4 being the highest). Out of 487, 
168 women were pregnant, including 168 first pregnancies and 28 subsequent 
pregnancies. Approximately a quarter (26%) of the women reported they were trying to 
get pregnant. 
 
Fecundability study population 
From the 405 women who had both stress and relevant covariate data, there were 
135 women who got pregnant with a total of 161 pregnancies (135 first pregnancies 26 
subsequent pregnancies). No women were excluded based on pregnancy outcome for the 
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fecundability analysis because this variable was not the outcome of interest. Chi-square 
tests comparing those women who got pregnant (N=135) with those who did not get 
pregnant (N=270) demonstrated significant differences for specific characteristics 
including age, marital status, education, intercourse frequency, and pregnancy intention 
(Table 2).  
 
Effects of stress on fecundability 
A bivariate logistic regression analysis was conducted to determine which 
variables to include as possible confounders in the final model (Supplemental Tables 1 
and 2). The bivariate analysis confirmed age, BMI, alcohol consumption, pregnancy 
intention, and intercourse frequency as confounders for the association between stress 
and fecundability. Age and BMI were left as categorical variables due to an absence of a 
linear trend, and alcohol consumption was left as a continuous variable because a linear 
trend was observed for this variable. Race was not included because it was within 10% of 
changing the beta estimate for the exposure and there were too few people in the non-
whites group for a comparison to the white group. Smoking was eliminated from the 
model due to no change in the effect estimate for the stress exposure when adding or 
removing smoking from the model.  The other potential covariates had a P-value greater 
than 0.20, and therefore did not meet the Hosmer-Lemeshow criterion for inclusion 
(Hosmer et al. 2000). 
Throughout the models, sample size numbers may not match up due to missing 
covariate data. The results presented in Table 4 display the multivariable model including 
the three different windows of stress exposure and relevant covariates associated with 
fecundability. Fecundability odds ratios (FOR) <1 are indicative of reduced fecundability 
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(longer time to pregnancy) and P-values <0.05 were considered statistically significant. 
Average stress during the cycle and during the implantation window decreased 
fecundability but not significantly (FOR=0.75; 95% CI (0.57-1.01) and FOR=0.86; 95% 
CI (0.65-1.13), respectively). However, cycles with higher stress during the ovulatory 
window had a 35% reduced odds of pregnancy after adjustment compared to cycles with 
lower stress (FOR=0.65; 95% CI 0.50-0.87). Among all three models, higher maternal 
age (35-41 years), higher BMI (>30 kg/m2), and a higher intake of alcohol per day (>1 
drink) were associated with significantly decreased fecundability. On the other hand, a 
higher frequency of unprotected intercourse and intention to get pregnant were associated 
with increased fecundability. These results were similar for all pregnancies 
(Supplemental Table 3). 
There was some missing stress data; a sensitivity analysis was therefore 
conducted to assess the impact of missing stress data on the results.  In the sensitivity 
analysis, only cycles where stress was recorded for >90% of the days in the cycle were 
included. The results were similar to the initial analysis albeit loss of significance for 
maternal age (Supplemental Tables 5 and 6). To examine if these effects persisted after 
restricting to only whites in the study population, another sensitivity analysis was 
conducted (N=330 women) and results were similar to the initial analysis (Supplemental 
Tables 7 and 8). 
Because the strongest effects of stress on fecundability were observed during the 
ovulatory window, a separate analysis was conducted to examine the effect of each 
woman‟s average stress during the ovulatory window relative to her average stress over 
the study period. As shown in Table 5, higher stress during the ovulatory window 
reduced fecundability by 30% (OR=0.70; 95% CI 0.47-1.05). Similar results were 
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observed when subsequent pregnancies were also included (Supplemental Table 4).  
 
Spontaneous abortion study population 
From the 487 women with stress data, there were a total of 168 first pregnancies 
(during the study) and after excluding women with molar pregnancies, ectopic 
pregnancies, and unknown outcomes, the number of pregnancies was 159. Out of 159 
pregnancies, there were 119 live births and 40 spontaneous abortions. As shown in Table 
3, the 119 live births were not significantly different from the subset of 40 spontaneous 
abortions for any of the characteristics except alcohol consumption and pregnancy 
intention.  
 
Effects of stress on spontaneous abortion 
To determine which relevant covariates to include in the multivariable model, a 
bivariate logistic regression analysis was generated (Supplemental Tables 9 and 10). 
From these results, only age (continuous), alcohol consumption (continuous) and 
pregnancy intention were below the 0.2 significance level and were therefore included in 
the multivariable logistic regression model.  
Across all phases of the menstrual cycle, stress did not significantly affect the risk 
of spontaneous abortion (Table 6). In fact, stress seems to decrease the risk after adjusting 
for pregnancy intention. Older age and higher alcohol consumption increased the risk of 
spontaneous abortion significantly in all three time periods when all pregnancies were 
included in the model (Supplemental Table 11) but only alcohol consumption was 
significant for first pregnancies, possibly due to decreased sample size.  
A separate analysis was conducted to examine the effect of each woman‟s average 
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stress during a particular cycle relative to the average stress during the entire study on 
spontaneous abortion. The results in Table 7 show a significant association between 
higher stress during the index cycle and spontaneous abortion (OR=2.52, 95% CI 1.17-
5.43).  Effects were similar for all pregnancies (Supplemental Table 12).  
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Table 1: Characteristics of Study Participants with Self-Reported Stress and Covariates in  
the Mount Sinai Study of Women Office Workers  
 Women N (%) 
   All eligible women 
     for fecundability 
             analysis 
 
     (N=487 women) 
Women N (%) 
    Self-reported stress 
 with all fecundability 
covariates 
 
      (N=405 women) 
    Women N (%) 








    19-24 
    25-29 
    30-34 





















































    White 
     Black 
     Asian 










































     Married 


























     High school or 
less/ Tech school 
     Some college 
     College graduate 
     Graduate school 
 
 




















    Never 
    Former 
    Current 
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Cigarettes smoked - 
preconception (per 
day)‡ 
    0 cigarettes 
    1-9 cigarettes 
    10-19 cigarettes 
    20+ cigarettes 


















































































    0 times 
    ≤1 time 
    1 to 4 times 
>4 times 





































Stress - scale from 1 




2nd quartile  
(1.50-1.92) 
3rd quartile  
(1.93 – 2.33) 





































Trying to get 
pregnant† 
    Yes 






















Ever pregnant (at 
study initiation) 
    Yes 
    No 





















*Chi-square P-values were calculated by comparing women with both self-reported stress and covariates  (N=405) 
with women with self-reported stress but without covariates (N=82). Missing values were not included in these 
calculations and percentages reflect non-missing data 
†At baseline 
‡Mean over duration of study 





    Yes 
    No 


















26  (31.7) 






























 35 (25.9) 
 












Table 2: Characteristics of Pregnant and Non-pregnant Women in the Mount Sinai Study 
of Women Office Workers  
      Women N (%) 
Self-reported stress 
    with covariates  
   (N=405 women) 
Women N (%) 
        Not pregnant 
 
     (N=270 women) 
Women N (%) 
Pregnant 
 




    19-24 
    25-29 
    30-34 


















































    White 
     Black 
     Asian 





































































High school or 
less/ Tech school 
     Some college 
     College graduate 
     Graduate school 
 
 






64 (23.7)  
 












    Never 
    Former 






































*Chi-square P-values were calculated by comparing women who did not have a pregnancy (N=270) with women who did 
have a pregnancy (N=135). Missing values were not included in these calculations and percentages reflect non-missing data 
†At baseline 




Cigarettes smoked - 
preconception (per 
day)‡ 
    0 cigarettes 
    1-9 cigarettes 
    10-19 cigarettes 






































– preconception (per 
day)‡ 


































    0 times 
    ≤1 time 
    1 to 4 times 
































Stress - scale from 1 
(least stress) to 4 
(most stress)‡ 
1st quartile  
(<1.50) 
2nd quartile  
(1.50-1.92) 
3rd quartile  
(1.93 – 2.33) 





































Trying to get 
pregnant† 
    Yes 

















Ever pregnant (at 
study initiation) 
    Yes 





















Table 3: Characteristics of Pregnant Women in the Mount Sinai Study of Women Office 
Workers  
 Women N (%) 
   Live birth 
(N=119 women) 






    19-24 
    25-29 
    30-34 



































    White 
     Black 






























     Married 

















High school or less/ Tech school 
     Some college 
     College graduate 
     Graduate school 
 
 
26 (21.8)  




10 (25.0)  






     Never 
     Former 












Cigarettes smoked – preconception 
(per day)‡ 
    0 cigarettes 
    1-9 cigarettes 
    10-19 cigarettes 




































*Chi-square P-values were calculated by comparing women with live births (N=119) with women with spontaneous 
abortions (N=40). Missing values were not included in these calculations and percentages reflect non-missing data 
†At baseline 
‡Mean over duration of study 
 
 
Frequency of unprotected 
intercourse during ovulatory 
window‡ 
    0 times 
    ≤1 time 
    1 to 4 times 
























Stress - scale from 1 (least stress) to 
4 (most stress)‡ 
1st quartile (<1.57) 
2nd quartile (1.57-1.92) 
3rd quartile (1.93 – 2.24) 

















Trying to get pregnant† 
     Yes 
     No    














Ever pregnant (at study initiation) 
    Yes 
















Table 4: Multivariable model for fecundability for first pregnancies* 
                                               Mean stress over the cycle  
                                                        N=405 women 
                                          (2741 cycles, 135 pregnancies) 
Mean stress during ovulatory window 
N=399 women 
(2465 cycles, 104 pregnancies) 
Mean stress during implantation window 
N=397 women 
(2567 cycles, 104 pregnancies) 
 FOR† 95% CI P-value  FOR 95% CI P-value  FOR 95% CI P-value 
Stress‡  0.76 (0.57-1.01)  0.06  0.65 (0.49-0.87) 0.003  0.86 (0.65-1.13) 0.28 
            
Adjusted covariates             
Age (years)§ 
  1 (19-24) 
  2 (25-29) 
  3 (30-34) 

















































  1 (<20) 
  2 (20-25) 
  3 (26-30)   







































































in ovulatory window‡ 
 
1.50 (1.29-1.76) <0.0001  1.52 (1.26-1.83) <0.0001  1.51 (1.25-1.81) <0.0001 
Pregnancy intention§ 
  No 




























* First pregnancies in study 
† FOR: Fecundability odds ratio 
‡ During study 









Table 5: Multivariable model for fecundability for first pregnancies* 
Mean stress during ovulatory window relative to woman average stress 





















    
Adjusted covariates    
Age (years)‡ 
  1 (19-24) 
  2 (25-29) 
  3 (30-34) 


















  1 (<20) 
  2 (20-25) 
  3 (26-30) 




































  No 



























Table 6: Multivariable model for spontaneous abortion for first pregnancies*  
                                        Mean stress over the cycle 
                                         N= 139 pregnancies (38 SA) 
Mean stress during ovulatory window        
N=105 pregnancies (33 SA) 
Mean stress during implantation window 
N=106 pregnancies (35 SA) 
 OR 95% CI P-value  OR 95% CI P-value  OR 95% CI P-value 
Stress†  0.86 (0.43-1.71)  0.66  0.64 (0.34-1.20) 0.16  0.84 (0.49-1.43) 0.51 
            
Adjusted covariates  












































  No 
































* First pregnancies during study 
† During study 
































Table 7: Multivariable model for spontaneous abortion for first pregnancies* 
                           Mean stress during cycle relative to woman average stress    
                                                  N= 159 pregnancies (40 SA) 
 OR 95% CI P-value 
Stress† 2.52 (1.17-5.43) 0.01 
    
Adjusted covariates 











(drinks per day)† 
   0 
   1 
















    
* First pregnancies during study 
† During study 












Main findings on fecundability 
 
This is the first prospective cohort study to find an association between self-
reported stress and both fecundability and spontaneous abortion. Daily self-reported 
stress prior to conception significantly reduces fecundability among a cohort of women 
office workers. Out of a total of 487 women, there were 82 women with missing data for 
relevant covariates. Chi-square test revealed that these women were not representative for 
specific covariates. Nevertheless, there was not a difference in likelihood of pregnancy 
comparing the 82 women vs. the 405; therefore, the exclusion of these 82 women from 
the fecundability analysis should not have resulted in any selection bias.  
Women with higher self-reported stress during the ovulatory window had a 35% 
decrease in fecundability compared to women with lower stress. This finding was still 
statistically significant after restricting to cycles with at least 90% complete data 
(FOR=0.61, P=0.01). Higher average stress during the implantation window was 
associated with decreased fecundability, but not significantly. These findings are in 
general agreement with earlier studies however with variations in study population and 
stress ascertainment (Hjollund et al. 2000, Louis et al. 2011, Lynch et al. 2014).  
 
Previous literature 
 To date only a handful of prospective studies have rigorously examined the 
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unclear association between stress and fecundability. However, in each one of these 
studies stress was ascertained in a different manner. One study solely examined stress 
biomarkers, i.e. salivary alpha-amylase and cortisol (Louis et al. 2011), while another 
study assessed both stress biomarkers and a psychosocial questionnaire (Lynch et al. 
2012, Lynch et al. 2014). All of these studies were conducted pre-conceptionally, 
however with shorter follow-up periods (6 cycles or until pregnant) (Hjollund et al. 1999, 
Louis et al. 2011, Lynch et al. 2012).The one prospective study that did not assess stress 
biomarkers examined psychological distress scores (scored 0 (low stress) to 3 (high 
stress)) from a questionnaire, but this was only administered once during each cycle 
(Hjollund et al. 1999).  
The main element that sets the current study apart from previous studies is the 
daily collection of stress. Two studies collected their samples on day 6 of each cycle 
(Louis et al. 2011, Lynch et al. 2012) while another study collected data on day 21 of 
each cycle (Hjollund et al. 1999). By collecting daily diaries of stress, we were able to 
track how stress levels changed throughout important windows of the menstrual cycle, a 
limitation of the Lynch et al. (2014) study. The recent findings from the Lynch et al. 
(2014) study has received a lot of attention from the media and their results were most 
similar to the current study with a 29% reduction in fecundability for women with higher 
salivary alpha-amylase levels. Although they had the same 12 cycle follow-up period as 
the current study, they collected samples only once in the morning of the first menses 
during the cycle. A self-administered questionnaire was provided to ascertain covariate 
information including one daily stress question, but they did not evaluate self-reported 
stress in the analysis (Lynch et al. 2014). In addition, they did not adjust for frequency of 
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intercourse anywhere in the analysis. 
 
Possible mechanisms 
Our findings may be consistent with the imbalance in immune-endocrine 
interaction theory. Following the initial stress response from the sympathetic nervous 
system, the HPA axis is stimulated and cortisol is released. In cases of chronic stress, the 
HPA axis can be over-activated thereby eliciting an autoimmune state unfavorable for 
successful implantation (Makrigiannakis et al. 2001). Another possible mechanism is the 
delay or inhibition of the FSH and the LH surge. A decrease in FSH impairs proper 
development of the follicle, which can then affect the levels of progesterone in the 
luteinized follicle after ovulation (Wang et al. 2004). Progesterone is a vital hormone 
necessary during the preparation and development of the endometrium. When 
glucocorticoid levels are high in the endometrium, it delays the LH peak that pinpoints 
ovulation and then the beginning of the luteal phase (Nepomnaschy et al. 2004, 
Nakamura et al. 2008). When the luteal phase is shortened, progesterone availability is 
limited and there exists an insufficient amount of progesterone for proper implantation. 
A second analysis revealed similar results to the main analysis with a 30% 
reduction in fecundability when the mean stress during the ovulatory window was higher 
than each woman‟s individual mean for stress, adjusting for age, alcohol intake, 
frequency of unprotected intercourse, pregnancy intention, and BMI. To our knowledge, 
no other study has conducted an analysis on fecundability using a relative measure of 
stress. During the ovulatory window, ovarian function can be compromised in numerous 
ways including lack of matured follicles, disruption in signaling between gonadotropins 
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and receptors on the ovary, and interruption in vital steroids release (Berga 2008). 
Gonadotropin releasing hormone (GnRH) is regulated by catecholamines, i.e. dopamine, 
endogenous opioids, and glucocorticoids (Kalra et al. 1984). Increasing levels of CRH 
and glucocorticoids greatly suppresses the normal function of GnRH, consequently 
causing anovulation (Berga 2008).  
 
Main findings on spontaneous abortion 
We found a significant association between self-reported stress and the risk of 
spontaneous abortion when we used a relative measure of stress (evaluating when a 
woman was more stressed in a particular cycle compared to her individual mean stress.)  
This analysis differed from another analysis where we evaluated the individual effects of 
self-reported stress across windows in the menstrual cycle on the risk of spontaneous 
abortion. No association was found possibly due to the smaller sample size and that 60% 
of the study population had lower stress overall.  
 
Possible mechanisms 
The findings on relative stress may be due to over-stimulation of CRH. Higher 
levels of CRH inhibit normal secretion of pituitary luteinizing hormone and progesterone 
(Magiakou et al. 1997). If appropriate levels of progesterone are not reached, the uterine 
environment may be hostile to the growing embryo. Arck et al. (2008) found a direct 
interaction between older maternal age and low progesterone levels. They concluded that 
maternal age could be a mediator in the pathway between stress and spontaneous 
abortion. However, this particular interaction was not observed for the current study.  
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Previous literature 
The few studies that have found an increased risk of spontaneous abortion 
ascertained stress in a different method by examining various biomarkers of stress. One 
study found a positive association with higher levels of cortisol. Although they obtained 
samples three times a week for a follow-up period of 12 months, this was in a very small 
Mayan population whose characteristics differ greatly from the current study 
(Nepomnaschy et al. 2006). Another study examined progesterone and CRH levels along 
with psychosocial distress scores from a questionnaire. The sample population was much 
larger in this study (N=864), however they gathered data only once during the entire 
study (Arck et al. 2008).  
To date only one other study has used the self-reported measure of stress. 
Hjollund et al. (2000) examined a cohort of 430 women who recorded stress on a 4-point 
scale in a daily diary. Similar to our study, they conducted the analysis by comparing 
each woman‟s average stress during the cycle to her individual mean (Hjollund et al. 
2000)(Note: in comparison to using the average stress during the ovulatory window for 
the secondary fecundability analysis, we used the average stress over the cycle because 
spontaneous abortion does not occur till after conception.)Findings from the Hjollund et 
al. (2000) study were consistent with the current study, except smaller numbers in some 
categories led to wider confidence intervals. Although pregnancy intention has had some 
literary spotlight with regard to this association (Maconochie et al. 2007), we did not 
include it in this particular analysis; in an attempt to get the most parsimonious 
combination of variables, we excluded covariates that did not change the stress estimate 
by 10% (Jewell 2004). Nevertheless, the Hjollund et al. (2000) paper had some 
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distinguishable variations from the current study. Data collection was only on day 21 of 
each cycle, the short follow-up period of 6 cycles (or until pregnant), and daily stress 




There are several strengths in this cohort study including the three phases of the 
menstrual cycle during which stress was ascertained. Past studies have discrepancies in 
their findings possibly due to the timing of stress data collection/ Many have limited 
stress collection to the follicular phase (Wang et al. 2004, Louis et al. 2011, Lynch et al. 
2012) while others restricted it to the luteal phase (Hjollund et al. 2000). By examining 
time windows in both the follicular and luteal phases, we were able to assess the effects 
of varying stress levels across major time-points in the menstrual cycle. 
Furthermore daily data on numerous socio-behavioral and lifestyle factors were 
collected. This reduced the likelihood of confounding by evaluating for all relevant 
covariates based on prior literature. However, due to a relatively small sample size, we 
did not include all covariates in the model and used two methods to reduce the number of 
covariates to the most parsimonious reasonable model. 
One of the greatest strengths of this study was obtaining stress data prior to 
conception. The women in our study were instructed to keep a daily diary of their stress 
levels until pregnant. This eliminates any recall bias created by the couple in being aware 
of the success of the pregnancy attempt and the pregnancy outcome. Nevertheless, some 
women recorded stress for only a few days out of the cycle. Therefore we did a 
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sensitivity analysis accounting for only those women who had at least 90% stress 
recordings during the cycle. The strength of the sample size still persisted (N=372) with 
only an 8% loss in participants and the results were  -- in fact, they were actually stronger 
in some cases than the findings using the entire dataset. 
With regard to generalizability, approximately 30% of the pregnant women in our 
study population had a spontaneous abortion indicating that this subset was representative 
of the general population‟s prevalence for spontaneous abortion(Wilcox et al. 1988, 
Wainstock et al. 2013).   
 
Study limitations 
Concerning limitations of this study, we were unable to obtain a more 
comprehensive ascertainment of the stress exposure. We did not measure biomarkers of 
stress. Stress was only self-reported, measured on a categorical scale from 1 to 4. Since 
stress exposure was not the main objective under MSSWOW, additional questions 
regarding stress such as stress at work, physical strain, or psychosocial stress were not 
provided to the participants. The day of ovulation was ascertained through estimation 
using the Knaus-Ogino method since no monitor was used to assess LH surges during the 
woman‟s menstrual cycle(Knaus 1929, Ogino 1930). This method of estimation has been 
used in a few studies regarding the same exposure of interest (Hjollund et al. 2000, Louis 
et al. 2011). Recurrent spontaneous abortion has been well known to be a significant 
predictor of this adverse pregnancy outcome, however we were unable to account for 
prior pregnancy losses because the dataset did not contain this information.  Furthermore, 
our analyses on multiple pregnancies were not completely correct because we did not 
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account for the correlation between successive pregnancies. Finally, sample size was 








Our findings support a significant reduction in fecundability especially during the 
fertile window for women experiencing high levels of stress prior to conception. 
Furthermore, our study has revealed a significantly higher risk of spontaneous abortion 
for women whose average stress during the cycle was higher than their individual mean. 
While these findings do not definitively settle the controversy on stress and female 
reproductive failure, it certainly progresses the research movement with strong evidence. 
This investigation emphasizes the need to expand research on the individual adverse 
effects of stress on pregnancy outcomes during conception, implantation and pregnancy 
maintenance. Future research should aim to evaluate associations between stress 
perception, stress biomarkers, and stress-related genetic polymorphisms on adverse 
pregnancy outcomes, as there still remains a vast amount to be learned about the 
underlying causal mechanisms at play. This research emphasizes the importance of stress 
prevention and alleviation before and during pregnancy. Numerous methods for reducing 
stress in the trying and expecting mother have been pushed to movement but are still not 
in full practice. Stresses of daily life can take an unexpected toll on both mind and body. 
Therefore it is vital that methods to reduce stress are implemented and encouraged in the 
community and physician offices to minimize the overall stress placed on the expecting 
mother. This is an action that can be taken today to provide a better life and healthier 
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Supplemental Table 1: Unadjusted and adjusted estimates for fecundability for all first pregnancies*   
                             Mean stress over the cycle 
                             N = 487 women, 3483 cycles 
Mean stress during the ovulatory window   
N=476 women, 2853 cycles 
Mean stress during the implantation window 
N=474 women, 2900 cycles 
 Stress 
Estimate 

















Unadjusted -1.2327  0.0860 <0.0001 -1.2000  0.0956 <0.0001 -1.1491  0.0920 <0.0001 
             
Adjusted  
(one at a time) 
            
Age† -0.2728 -0.1061 0.0113 <0.0001 -0.3319 -0.1028 0.0124 <0.0001 -0.2544 -0.1051 0.0121 <0.0001 
Age cat† 
(years) 
  1 (19-24) (ref) 
  2 (25-29) 
  3 (30-34) 









































































BMI† -0.1506 -0.0629 0.0154 <0.0001 -0.2418 -0.0594 0.0176   0.0007 -0.1471 -0.0601 0.0174   0.0006 
BMI cat† 
(kg/m2) 
  1 (<20) (ref) 
  2 (20-25) 
  3 (26-30) 





















  0.0215 
  0.3399 
  0.1372 





















  0.0070 
  0.2266 
  0.3183 





















  0.0611 
  0.1816 
  0.2407 
  0.0081 
Avg. alcohol‡ 
(per day) 
-0.2994 -0.0598 0.0210   0.0044 -0.3456 
 
-0.0728 0.0270   0.0071 -0.1646 -0.0754  0.0271   0.0054 
Alcohol cat‡ 
   0 (ref) 
   1 



















































-0.3011 -0.0134 0.0122   0.2733 -0.3404 -0.0347 0.0174   0.0454 -0.1506 -0.0384 0.0174   0.0278 
Cigarette cat‡ 
   0 (ref) 
   1 
   2 





































  0.0060 
  0.0928 
  0.4882 

















  0.2851 
  0.0194 
  0.4849 




       
Unprotected 
intercourse‡ 
-0.3240  0.3213 0.0625 0.0001 -0.3989  0.3378 0.0734 <0.0001 -0.3146  0.3338 0.0738 <0.0001 





































  0.0193 
 
  0.1136 
Race† 
   White (ref) 
   Black 































  0.0459 















  0.0280 
  0.0015 
* First pregnancy in study 
† At baseline 







Supplemental Table2: Unadjusted and adjusted estimates for fecundability for all pregnancies   
                                           Mean stress over the cycle  
                                           N= 487 women, 3503 cycles 
 Mean stress during the ovulatory window    
N= 477 women, 2870 cycles 
Mean stress during the implantation window 
N= 475 women, 2917 cycles 
 Stress 
Estimate 

















Unadjusted -1.1038  0.0777 <0.0001  -1.0881  0.0870 <0.0001  -1.0558  0.0847 <0.0001 
               
Adjusted  
(one at a time) 
              
Age* -0.2301 -0.0851 0.1146   0.0445  -0.3236 -0.0794 0.0100 <0.0001  -0.2714 -0.0817 0.0099 <0.0001 
Age cat* 
(years) 
1  1(19-24)(ref) 
  2 (25-29) 
  3 (30-34) 









































































BMI* -0.0477 -0.0342 0.0124   0.0059  -0.1756 -0.0277 0.0138   0.0449  -0.1064 -0.0285 0.0137   0.0380 
BMI 
cat*(kg/m2) 
  1 (<20) (ref) 
  2 (20-25) 
  3 (26-30) 





















  0.1716 
  0.5635 
  0.6612 





















  0.0305 
  0.3850 
  0.9785 




















   
  0.1371 
  0.3194 
  0.8432 
  0.0152 
Avg. alcohol† 
(per day) 
-0.1525 -0.0517 0.0193   0.0073  -0.2398 -0.0596 0.0242   0.0137  -0.0720 -0.0630 0.0243   0.0096 
Alcohol cat† 
   0 (ref) 
   1 














  0.5852 
  0.0011 














  0.1397 
  0.0043 














  0.7944 
  0.0002 
  0.0010 
Avg. cigarette† 
(per day) 
-0.1636 -0.0170 0.0121   0.1612  -0.2448 -0.0385 0.0173   0.0261  -0.0704 -0.0422 0.0174   0.0154 
Cigarette cat† 
   0 (ref) 
   1 
   2 

















  0.1633 
  0.0313 
  0.4048 

















  0.0313 
  0.2405 
  0.4209 

















  0.6271 
  0.0615 
  0.4231 
  0.0225 
        










































  0.0006 
 
  0.6397 
Race* 
  White (ref) 
  Black 































  0.0168 
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Supplemental Table3: Multivariable model for fecundability of all pregnancies 
                                                     Mean stress over the cycle  
                                                                N=405 women  
                                                    (2760 cycles, 154 pregnancies)  
Mean stress during the ovulatory 
window        N=400 women    
(2482 cycles, 121 pregnancies) 
Mean stress during the implantation window 
N=399 women 
       (2584 cycles, 121 pregnancies)                   N= 399 women 
 FOR* 95% CI P-value  FOR 95% CI P-value  FOR 95% CI P-value 
Stress† 0.86 (0.66-1.12) 0.26  0.71 (0.54-0.92) 0.009  0.92 (0.71-1.18) 0.51 
            
Adjusted covariates            
Age (years)‡ 
  1 (19-24) 
  2 (25-29) 
  3 (30-34) 
















































  1 (<20) 
  2 (20-25) 
  3 (26-30) 



























































































  No 







































* FOR: Fecundability odds ratio 
† During study 






 Supplemental Table 4: Multivariate model for fecundability for all pregnancies 
Mean stress during ovulatory window relative to woman average stress 
N= 405 women (2482 cycles, 121 pregnancies) 
 FOR* 95% CI P-value  
Stress† 0.75 (0.51-1.10) 0.14  
     
Adjusted covariates     
Age (years)‡ 
  1 (19-24) 
  2 (25-29) 
  3 (30-34) 



















  1 (<20) 
  2 (20-25) 
  3 (26-30) 




































      Pregnancy intention‡ 
  No 











* Fecundability odds ratio 
†During study 
‡ At baseline 
 
 







Supplemental Table 5:  Sensitivity analysis where stress was measured for at least 90% of the cycle for all first pregnancies*   
                                                         Mean stress over the cycle 
                                                        N= 370 women, 2126 cycles 
Mean stress during the ovulatory window           
N=370 women, 2116 cycles 
Mean stress during the implantation window 
N=370 women, 2121 cycles 
 FOR† 95% CI P-value  FOR 95% CI P-value   FOR 95% CI P-value 
Stress‡ 0.61 (0.42-0.90)   0.01  0.66 (0.48-0.92)   0.01   0.74 (0.53-1.05)   0.09 
             
Adjusted              
Age (years)§ 
  1 (19-24) 
  2 (25-29) 
  3 (30-34) 














  0.47 
  0.55 













  0.60 
  0.75 
  0.26 












  0.39 
  0.57 
  0.17 
BMI (kg/m2)§ 
  1 (<20) 
  2 (20-25) 
  3 (26-30) 














  0.50 
  0.11 













  0.41 
  0.09 
  0.006 












  0.35 
  0.10 




0.93 (0.86-0.99)   0.03  0.93 (0.86-0.99)   0.03   0.93 (0.86-0.99)   0.03 
Unprotected intercourse 
during ovulatory window‡ 
1.62 (1.31-2.01) <0.0001  1.61 (1.30-1.99) <0.0001   1.58 (1.27-1.97) <0.0001 
 
Pregnancy intention§ 
  Yes 
























  0.56 












  0.61 
 
* First pregnancy in study 
† FOR: Fecundability odds ratio 
‡ During study 







Supplemental Table 6:  Sensitivity analysis where stress was measured for at least 90% of the cycle for all pregnancies   
                                      Mean stress over the cycle 
                                        N= 372 women, 2140 cycles 
Mean stress during the ovulatory window                                     
N= 372 women, 2130 cycles 
Mean stress during the implantation window  
N= 372 women, 2135 cycles 
 FOR 95% CI P-value  FOR 95% CI P-value   FOR 95% CI P-value 
Stress*  0.72 (0.50-1.01)    0.06  0.72 (0.53-0.98)   0.03   0.82 (0.60-1.13)   0.22 
             
Adjusted              
Age (years)† 
  1 (19-24) 
  2 (25-29) 
  3 (30-34) 














  0.94 
  0.91 














  0.87 
  0.67 
  0.71 












  0.80 
  0.93 
  0.45 
BMI (kg/m2)† 
  1 (<20) 
  2 (20-25) 
  3 (26-30) 













  0.59 
  0.45 













  0.52 
  0.41 
  0.009 









  0.44 
  0.40 
  0.008 
 
Avg. alcohol* 













  0.07 
  0.94 (0.89-1.00) 
 
  0.07 
Unprotected intercourse 
during ovulatory window* 
 
1.61 (1.32-1.98) <0.0001  1.60 (1.31-1.97) <0.0001   1.58 (1.29-1.95) <0.0001 
Pregnancy intention† 
  No 




















  0.34 
 









  0.38 
 










Supplementary Table 7: Sensitivity analysis where stress was measured for at least 90% of the cycle for all first pregnancies* (restricted to whites only) 
                                                        Mean stress over the cycle  
              N= 330 women, 2312 cycles  
Mean stress during the ovulatory window 
N=325 women, 2092 cycles 
Mean stress during the implantation window 
N=324 women, 2175 cycles 
 FOR† 95% CI P-value  FOR 95% CI P-value   FOR 95% CI P-value 
Stress‡ 0.80 (0.58-1.10)   0.17  0.66 (0.49-0.91) 0.01   0.92 (0.68-1.25) 0.60 
             
Adjusted              
Age (years)§ 
  1 (19-24) 
  2 (25-29) 
  3 (30-34) 














  0.32 
  0.24 
































  1 (<20) 
  2 (20-25) 
  3 (26-30) 














  0.13 
  0.12 


































0.95 (0.90-1.00)   0.03  0.95 (0.90-1.00) 0.06   0.94 (0.89-1.00) 0.06 
Unprotected intercourse 
during ovulatory window‡ 
1.46 (1.22-1.75) <0.0001  1.49 (1.20-1.84) 0.0003   1.43 (1.16-1.76) 0.0007 
 
Pregnancy intention§ 
  Yes 







































*First pregnancy in study 
† FOR: Fecundability odds ratio 
‡ During study 








    
 
Supplemental Table 8:  Sensitivity analysis where stress was measured for at least 90% of the cycle for all pregnancies (restricted to whites only) 
                                                        Mean stress over the cycle             
                                                       N= 330 women, 2331 cycles 
Mean stress during the ovulatory window 
N= 326 women, 2109 cycles 
Mean stress during the implantation window 
N= 325 women, 2192 cycles 
 FOR* 95% CI P-value  FOR 95% CI P-value   FOR 95% CI P-value 
Stress†  0.91 (0.69-1.22)    0.53  0.71 (0.53-0.95)   0.02   0.98 (0.74-1.30)   0.90 
             
Adjusted              
Age (years)‡ 
  1 (19-24) 
  2 (25-29) 
  3 (30-34) 














  0.53 
  0.50 














  0.85 
  0.93 
  0.32 












  0.45 
  0.55 
  0.05 
5BMI (kg/m2)‡ 
  1 (<20) 
  2 (20-25) 
  3 (26-30) 













  0.19 
  0.54 













  0.19 
  0.65 
  0.003 









  0.08 
  0.38 
  0.006 
 
Avg. alcohol† 













  0.09 
  0.95 (0.91-1.00) 
 
  0.08 
Unprotected intercourse 
in ovulatory window† 
 
1.48 (1.25-1.75) <0.0001  1.52 (1.24-1.86) <0.0001   1.47 (1.21-1.79) <0.0001 
Pregnancy intention‡ 
  No 




















  0.09 
 









  0.14 
 
* Fecundability odds ratio 
†During study 





Supplemental Table 9:  Unadjusted and adjusted estimates for spontaneous abortion for all first pregnancies*   
                                                     Mean stress over the cycle  
                                                    N= 159 pregnancies (40 SA) 
Mean stress during the ovulatory window   
N=122 pregnancies (35 SA) 
Mean stress during the implantation window 
N=121 pregnancies (37 SA) 
 Stress 
Estimate 

















Unadjusted  0.0501  0.3200 0.8755 -0.3309  0.2881 0.2507 -0.5927  0.1137 0.6371 
             
Adjusted  
(one at a time) 
            
Age†  0.0085  0.0600 0.0460 0.1918 -0.4022 0.0765 0.0515 0.1373 -0.1363  0.0649 0.0502 0.1954 
Age cat† 
(years) 
  1 (19-24) (ref) 
  2 (25-29) 
  3 (30-34) 









































































BMI†  0.0460 -0.0106 0.0461 0.8184 -0.3594 -0.0504 0.0517 0.3297 -0.1179 -0.0208 0.0478 0.6634 
BMI cat† 
(kg/m2) 
  1 (<20) (ref) 
  2 (20-25) 
  3 (26-30) 















































































 0.0364 0.0436 0.4044 -0.1453  0.0403  0.0435 0.3542 
Alcohol cat‡ 
   0 (ref) 
   1 



















































0.0380  0.0117 0.0285 0.6807 -0.3268  0.0186 0.0392 0.6361 -0.1181  0.0179 0.0400 0.6556 
Cigarette cat‡ 
   0 (ref) 
   1 
   2 































































-0.1377 -0.9568 0.4244 0.0242 -0.3801 -0.8284 0.4491 0.0651 -0.1275 -0.8413 0.4444 0.0583 







Ever pregnant†  0.0723 -0.1586 0.3016 0.5990 -0.3159 -0.1066 0.3148 0.7348 -0.1056 -0.1700 0.3152 0.5897 
Race† 
   White (ref) 
   Black 

















































*First pregnancy in study 
† At baseline  




Supplemental Table 10:  Unadjusted and adjusted estimates for spontaneous abortion for all pregnancies   
                                            Mean stress over the cycle  
                                           N= 178 pregnancies (50 SA) 
Mean stress during the ovulatory window  
 N= 139 pregnancies (45 SA) 
Mean stress during the implantation window 
           N= 138 pregnancies (47 SA) 
 Stress 
Estimate 

















Unadjusted  0.0162  0.3022 0.9572  -0.3027  0.2696 0.2616  -0.0793  0.2267 0.7266 
               
Adjusted  
(one at a time) 
              
Age* -0.0513  0.0714 0.0410 0.0818  -0.4153  0.0978 0.0461 0.0340  -0.1163  0.0838 0.0450 0.0623 
Age cat* 
(years) 
  1 (19-24) (ref) 
  2 (25-29) 
  3 (30-34) 









































































BMI*  0.0172  0.0061 0.0413 0.8819  -0.3109 -0.0216 0.0450 0.6312  -0.0793 -0.0001 0.0429 0.9977 
BMI cat* 
(kg/m2) 
  1 (<20) 
  2 (20-25) 
  3 (26-30) 











































































 0.0217  0.0638 0.0393 0.1047  -0.2900  0.0558 0.0421 0.1846  -0.1214  0.0590 0.0420 0.1607 
Alcohol cat† 
   0 (ref) 
   1 



















































 0.0128  0.0034 0.0283 0.9054  -0.3012  0.0076 0.0388 0.8453  -0.0811  0.0070 0.0397 0.8599 
Cigarette cat† 
   0 (ref) 
   1 
   2 































































-0.2065 -1.2150 0.3984 0.0023  -0.3347 -1.1445 0.4179 0.0062  -0.1045 -1.1386 0.4155 0.0061 
      




Ever pregnant*  0.0405 -0.1759 0.2822 0.5332  -0.2864 -0.1190 0.2936 0.6853  -0.0713 -0.1732 0.2951 0.5572 
Race* 
  White (ref) 
  Black 



















































*At baseline  





Supplemental Table 11: Multivariable models for spontaneous abortion for all pregnancies   
                                  Mean stress over the cycle 
                                       N= 158 pregnancies (48 SA) 
Mean stress during the ovulatory window                     
N= 122 pregnancies (43 SA) 
Mean stress during the implantation window  
N= 123 pregnancies (45 SA) 
 OR 95% CI P-value  OR 95% CI P-value  OR 95% CI P-value 
Stress* 0.76 (0.39-1.49) 0.43  0.63 (0.34-1.17) 0.15  0.82 (0.48-1.39) 0.46 
            
Adjusted covariates  





















(drinks per day)* 




  No 



























































Supplemental Table 12: Multivariate model for spontaneous abortion for all 
pregnancies  
             Mean stress during cycle relative to woman average stress    
                                      N= 178 pregnancies (50 SA) 
 OR 95% CI P-value 
Stress* 2.21 (1.09-4.48) 0.03 
    
Adjusted covariates 












   0 
   1 

















* During study 
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